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STATE OF MICHIGAN, 

DEPARTMENT OF PUBLIC INSTRUCTION. 

Lansing, Michigan, January 2, 1908. 

To Commissioners J Superintendents and Teachers: 

For a miinber of years educators have been advocating nature Kstiidy as 
a part of the public school curriculum, and at the present time there is a 
strong demand that agriculture be taught in the public schools. In order to 
assist superintendents and teachers in giving definite instruction along these 
lines, Professor Joseph A. Jeffery of the Michigan Agricultural College has 
prepared this pamphlet entitled An Elementary Laboratory Study in 
Soils. The material presented does not require an extended knowledge of 
chemistry and physics on the part of the teacher, ^and yet it deals with the 
vital points in this most important subject. The Agricultural College is 
doing a great work for the State of Michigan, and we believe that the distri- 
bution and use of this pamphlet in our schools will give splendid opportunity 
for study on the part, of our young people, and at the same time cultivate a 
taste for agricultural pursuits. With this end in view the Department 
hereby»expresses its appreciation of the services of Mr. Jeffery, and presents 
this pamphlet to the teachers of the State as a ground work for some definite 
instruction and study in the subject of soils. 

Very respectfully. 



A* /. yh^i/- 



Superintendent of Public Instruction. 
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INTRODUCTION. 



The object of this course is to give to the pupil an opportunity to demon- 
strate for himself a few of the more important facts concerning soils and soil 
management. It is believed that when he has done this, his reading upon 
these things will be much more intelligently done and their application to 
farm practice will be more fully appreciated. 

The teacher may find it desirable to change the order of the experiments; 
he may desire to change the plan of some of them. The discussions following 
some of the experiments may suggest other experiments, and it will doubtless 
add much to the interest of the work to allow pupils, from time to time, to 
develop and perform an original experiment so suggested. It will often be 
necessary to assist the pupil to a proper interpretation of his results in^such 
an experiment. 

The results of every experiment should be discussed — 

First, As to their bearing upon farm practice so far as the pupils are ac- 
quainted with it, and 

Second, As to how far they illustrate or confirm anything they may have 
read in the text books or elsewhere, or may have observed, in practice. 



LABORATORY EQUIPMENT. 

It is desirable, of course, to have a regularly equipped laboratory. It 
need not necessarily be a large room or expensively equipped. There should 
be some tables to work on. There should be aj|drying oven, one good 
balance weighing to one-tenth gram, a kitchen scale or its equivalent, ranging 
from one ounce to at least twenty-four pounds. If the building is not sup- 
plied with gas, there should be a gasoline stove and an alcohol lamp. 

In addition to the above, the following apparatus andj[material will be 
needed: 

2 doz. deep gallon jars. 

5 doz. one-quart pudding or bean pans. 
2 doz. two-quart pudding or bean pans. 

2 doz. 8-inch pie tins (with nearly square shoulders if they can be se- 
cured). 

1 doz. coffee cups. 

10 feet No. 12 galvanized wire. 

1 garden rake. 

1 garden hoe. 

1 g*arden spade. 

2 4-inch x 4-inch x 4-inch boxes of wood or metal without covers (see 
Fig. 3.) 

1 soil sieve about 18 inches x 30 inches and 4 inches deep, with screen 
having 6 meshes to the inch (see Fig. 2). 

1 fine meal sieve. 

2 soil tubes (say 1^ inch by 3^ inches). 

1 funnel rack, to carry 8 funnels (see Fig. 9). 

6 small soil scoops of bone, tin or wood. 

1 iron rod, . |-inch by 18 inches long, rounded at end. 

3 granite ware quart cups. 

6 small rods of wood, i-inch by 12 inches long. 
1 straight edge 16 inches long. 
1 gauge (see Fig. 10a). 

12 accurately graduated glass thermometers with lower end of stem as 
long as possible. 

3 soil thermometers — one 3-inch, one 6-inch, and one 12-inch. (These 
are desirable but can be dispensed with.) 

1 doz. 4-inch gless funnels. 

4 dOz. 4-oz. beakers (125 c. c), or small glass tumblers. 

1 doz. 600 c,c, lipped beakers. 
3 100 c. c, graduates. 

2 200 c. c. graduates. 

1 doz. IJ-inch thistle tubes (see Fig. 2). 

3 pounds |-inch glass tubing. 

6 glass rods 3-16 inch by 8 mcYvfcs \oiv^ ^^ ^Mvrtvcv^ ^c^^^"^ . 
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1 doz. No. 14 corks. 

6 doz. 4-07,. surew cap jars. 

6 doz. J-inch by 5-inch screw cap homeos. 

S pounds paraffin. 

1 set of tools — hammer, saw, pliers, nippers, scissors etc. 

There should be kept in stock two or three bushel lots of at least four 
kinds of soil— clay, loain, sandy soil, and muck soil, and also coarse aand 
and line sand, all of which should be air dried and carefully screened. In 
screening these soils a fine meal sieve may be used. 



PRELIMINARY EXERCISE. 

1, Have each pupil bring in quart samples of as many distinct kinds of 
soil as can be found. Samples should be obtained by digging a hole having 
perpendicular walls, to the depth of the plowed soil, or in virgin soil to the 
depth of the soil proper as indicated by the darker color due to the presence 
of a larger amount of organic matter in the soil. In muck soils take samples 
to the depth of six inches. Mix thoroughly the sample soil taken from the 
hole before taking the quart sample. 

2. Each quart sample should be thoroughly air dried, after which all 
samples should be examined and grouj>ed on the basis of color, the propor- 
tions of coarse and fine material making up the sample, and the general 
mellowness of the sample. 

There should be at least fwir general groups found in most localities — clay, 
loam, sandy soil and muck. If all of these cannot be found in a locality, 
those lacking should be secured from other localities. 

8, Characteristic samples of these groups of soils should be preserved in 
screw capped homeos, or in 4-oz. screw cap jars as may be preferred (see 
d and e Fig. 3). These samples should be saved for future reference and 
comparison. 

4. It would be interesting to have pupils bring in quart samples of the first 
six inches of the sub-soil corresponding to the soils they bring. These sub- 
soils should be examined and grouped in the same manner as the soils. 




STUDY IN SOII^. 




Kxi'KBlMtNT I, 



Pore Space in Soil. — Artificial. 



Apparalus needed: 

1 deep metallic vessel ranging in capacity from J pint to 1 pint. It may 
be made by melting off the open end of a can in which canned com or 
peas are purchased, or it may be made by soldering a piece of sheet brass 
over'one^end ofja piece'of brass pipe IJ inches in diameter and 4 inches 
long (see g Fig. 3). Call thepe soil hAes. 

1 round tamper of wood or one of cork having a glass or wooil handle. 

1 small piece of wood 12 inches long and j-ineh square. 

1 vessel of one pint capacity. 

1 balance or scale. 

1 sample each of sandy, loamy, and muck soil. 
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Before beginning the experiment opinions may be called for as to how 
compact a mass of soil may be, as to how much unoccupied space may 
occur between the particles of soil in the mass with reasons for believing 
there is or is not any such unoccupied space. 

The experiment: 

1. Weigh an empty soil tube and record its weight. 

2. Fill this soil tube with water till even with the top; weigh and record 
weight. 

3. Empty and thoroughly dry this soil tube. 

4. Now fill with one of the soils — say the sandy soil. To do this fill the 
tube heaping full, hold it firmly upon some solid surface and tap the 
sides lightly with the small piece of wood mentioned in the list of ap- 
paratus. The tapping will cause the soil to settle. See to it' that all 
the while the packing is going on the surface of the soil is kept well 
rounded by adding more soil. Vary the force of the tapping and 
do not do all the tapping at one point. 

5. When settling of soil ceases, with the straight edge strike off the soil 
even with the upper edge of the soil tube. 

6. Weigh the tube with soil content and record weight. 

7. Slowly add water to the soil in the tube imtil the water ceases to be 
taken and stands as even with the surface of the soil tube as when the 
tube was previously filled with water. 

Caution: Dxiring the adding of the water the sides of the tube should be tapped 
to loosen the air bicbhles which might cling to the soil walls and so keep out 
the water, 

8. Weigh and record weight. 

9. Compute what part of the capacity of the soil tube is filled by soil and 
what part by water. 

What previously occupied the space in the tube now occupied by water? 
In performing the experiment use an outline similar to the following: 

1 . Weight of soil tube full of water 

2. Weight of empty soil tube 

3. Weight of water content of tube 

4. Weight of tube full of soil 

5. Weight of tube, soil and water 

6. Weight of water added to soil 

7. Per cent of space in tube unoccupied by soil 

10. Repeat this experiment, using a loam and a muck soil. 
Is it desirable that there be pore space in soil? Why? 

Experiment II. 

Specific Gravity of Soil. 

It is often desired to know the weight of a volume of soil (not including 
pore space) as compared with a like volume of water. This relative 
weight is "known as specific gravity. 

Using the necessary weights from the table you filled out in Experipient I 
fill out the following table: 
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1. Weight of water required to fill soil tube (3)... 

2. Weight of water added to fill space in soil (6) 

3. Difference 

4. Weight of tube and soil content .....: 

5. Weight of empty soil tube 



6. Weight of soil in tube 

7. Select from these figures the weight of the volume of water equal to the volume 
^ of the soil used in the tube. 

8. Determine and indicate the relative weight of the soil as compared with that 
of the equal volume of water, which is the — 

Specific .gravity of the soil 

9. Determine the specific gravity of at least two different soils. 

Experiment III. 

Pore Space in Soil. — Natural. 

Apparattis arid material needed: 

A spatula or old shaip case knife. 

2 pieces of window glass 8 inches x 10 inches. 

1 pound paraffin. 

1 quart pan in which to melt the paraffin. 

1 two-quart pan. 

1 250 c. c. beaker. 

A strip of card board 3f inches by 14 inches. 

A piece of the same card board 3^ inches square. 

The experiment: 

1. From some convenient field or garden area cut a cube of soil of approx- 
imately 4-inch face. Lay on a board or other smooth surface and con- 
vey to laboratory. 

2. Place this cube upon one of its faces and with the spatula or knife true 
one of the perpendicular faces; then cut away and true the opposite face 
so that the thickness of the soil between these trued faces shall be about 
three inches. (It is suggested that the face flrst trued be the upper 
face as it was taken from the field.) 

3. Turn the block of soil upon one of the pieces of glass with the surface 
first trued down. 

4. Now cut down and true the remaining four faces so that each dimension 
shall be about 3 inches. See Fig. 4. 

5. Slightly round all the edges excepting those resting against the glass. 
G. Crease the cardboard strip at distances of 3i inches as shown in Fig. 4. 

Then bend and fasten the ends with a strip of paper and mucilage. 

7. Place the case of paper over the cube of soil as shown in Fig. 5, so that 
the walls of the case shall be about J-inch in all places from the walls of 
the ciibe of soil. Pack some loose soil about the lower outside edges of 
the paper case. See Fig. 5. 

8. Melt about one pound of the paraffin and allow it to cool until its tem- 
perature is just above the melting point. 

9. Slowly pour the melted paraffin into the paper case about the soil until 
the paraffin stands even with the top of the paper case. 

10. Place the remaining piece of cardboard upon the surface of the melted 
paraffin in paper case and allow paraffin to cool. See Fig. 6. 
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Fio. i. Cube of soil ready to be encaseil. and the run] board to be uceil tor the outer cue, 
with spslula, wectler atid loose 3<iil. 




11. After a few liinirs loosen the parairiii catse fruiu the glai«. (This can 
ubually be done lij' turning the case over ko that the glass will be up, and 
tapping the j;lass lightly. Otherwise pour a httle hot water upon the 
glass.) See Fig. 7. 

12. With a one-eighth inch glass or wooden rod make a hole 2J inches 
deep near tlie center of the soil. 

13. Pour water veiy slowly into this hole until the openings in the soil are 
thoroughly filled and the water stands even with the top of the soil. 

14. With a glass rod or other dull tool remove to the two-quart pan as 
much of the content of the paper paraffin case as you can without mar- 
ring the inner surface of the case. 
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Fio. 6. Tlie encasing of t 




and pliiced right si'le up upon the 



15. Measiire into a beaker 200 grams (c. c.) of water, and with this wash 
the remaining soil in the paper-paraffin case into the two-quart pan. Use 
all of the 200 granis of water. 

16. Weigh the two-quart, pan and contents and record the weight. 

17. Place the two-quart pan in a drying oven having a temperature of 
212° to 225° F. (100° to llO" C.) until it ceases to lose weight. 

18. Weigh the pan with dry content and record weight, 

19. Weigh the paper-parafBn case, empty, and record weight. 

20. Fill the case even full of water, weigh and record weight. 
Use a table something like the following; 
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Weight of papeivparaflfin case full of water 

Weight of paper-paraffin case, empty 

Weight of water case holds 

Weight of pan, soil and water 

Weight of pan and soil after drying 

Weight of water lout in drying 

Weight of water used in washing 

Weight of water m aaluratfd soil in rasf 

Using the weight of water which the paper-paraffin ease holds and the 
water contained in the saturated soil in the ease, estimate the amount 
of pore space in the soil in the case. 

MxPKKiArroNT ]y. 

Weight of Soils under Artificial Condition^. 

Apparatus and material needed: 

A box of wood or metal 4 inches in each dimension, open on one side. 

Call it a soil box. (Fig. 3.) 
A small mallet or a piece of wood 12 inches long and i-inch square. 
A straight edge of some sort. 
8 pints each of say, four soils — a sandy soil, a loam soil, a clay soil, and a 

muck soil, all air-dry. 

The experivieni: 

1. Weigli soil box and record weight. 

2. Fill the soil box heaping full with the sandy soil and settle as completely 
as possible by tapping the sides of the soil box with the mallet or stick. 

Caution: Hold the box firmly upon some solid surface while lapping and see 
to it that soil i.<? added from time to time to keep the surface of soil in the box 
well rounded all the while ^ Vary the force of the tapping. 

'A. When the soil ceases to settle strike off the surface of soil even with top 
of box. 

4. Wei^h the box with its contents and record weiirlit. 

5. Determine the w^eight of soil in box. 

G. Estimh,te the weight of a cubic foot of such soil. 
Use a form like the following: 

1 . Weight of soil box and soil content 

2. Weight of soil box 

3. Weight of soil in box 

4. Estimated weight of a cubic foot of this soil 

Alternate. 

The above experiment may be performed by using a tin pea or corn can 
with the open end melted off. 

In using such a can its capacity should be determined as follows: 

1. Weigh the can empty and record weight. 

2. Fill the can with w^ater. 

3. Weigh the can full of water and record weight. 

4. Subtracting the weight of the empty can from the weight of the can 
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filled with water gives the weight of the volume of water which the can holds. 
One cu. inch of water weighs .036 lbs. or 16.33 grams. 
5. Having the weight of the water which the can holds, estimate its capacity. 
Use a form like the following; 

1. Weight of can full of water 

2. Weight of can, empty 

Weight of wat«r in can 

3. Estimated volume of water in can in cubic inches 

From tliis point proceed as in soil-hox experiment. 

Can you ptara and execute an experiment by which you can determine the 
weight per cubic foot oj field soils — soil under natural covdilionsf 

Experiment V. 

Water-holding Power of Soils.— Artificial. 

Apparatus and mater iah need'^d: 

8 four-inch glass funneb?. 

1 package of 6-inch filter papers. 

1 rack for carrying the eight funnels. (This rack may be made of a board 
1 inch X 6 inches— 5 feet long, with eight three-inch holes bored at 
distances of 7 inches apart center to center. The holes may be bored 
with an extension bit. When in use let this rack rest on supports six 
to eight inches liigh.) See Fig. 8. 

8 four-oimce beakers or ordinary glass tumblers. 

1 100 c. I--, graduate cylinder. 

4 lots of air-dry soil — a sandy soil, a loamy soil, a clay soil and a muck soil. 




7hc experiment: 

1. Moimt the eight funnels in the rack, 

2. Fold a filter paper for each funnel, set in pl,ace and wet so that it will 
stay in place. 

3. Weigh out and introduce into each of two funnels 100 grams of the 
sandy soil. 

4. Weigh out and introduce into each of two other funnels 100 grams of 
the clay soil. 

5. Weigh out and introduce into each of two other funnels J.00 grams of 
loamy soil. 

6. Weigh oiit and introduce into each of the two remaining fiinneb 50 
grams of .the mucl^tsoil. 

7. Place a beaker under each funnel. 
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8. Measure 100 c. c. of water into each of the funnels containing the sandy, 
clay, and loamy soils. 

9. Measure 150 c. c. of water into each of the funnels containing the muck 
soils. 

10. When the water has ceased to drain into the beakers from all the soils 
measure and record the amount of water that has drained from each 
soil. 

What does a c. c. of water weigh? 

Introduce data into a table like the following: 



Water-holding Capacity of SoUs. 



No. 


Kind 

of 

soil. 


Weight 

of 

soil . 


• 

Water 
added. 


Water 
recovered . 


Water 
retained 
by soil. 


Average 
amount 
of water 
retained 
by soil. 


%of 

water 

retained. 


1 


Sandy. . . . 














2 


Sandv. . . . 






























3 


Clav 














4 


Clav 
























• 






5 


Loam .... 














() 


Loam. . . . 
























,' 


7 


Muck 












8 


Muck 


1 














1 













1 1 . Remetnber that in computing the per cent of water retained by the soil, 
the weiuht <»f dry soil is used as the base. 

12. Account for the differenf^es in the amounts of water retained by the 
snrid and tlie clay; the sand and the muck; the sand^and the loam. 

Experiment VI. 

Water-holding Power of Soils as Affected by Presence of Organic Matter. 

1. Repeat Experiment V, using mixtures of sand and muck as follows: 
(1) AH sand and no>iuck, (2J„80% sand and 20% muck, (3) 60% sand 
and 40% muck, and (4) 40% sand and 60% muck. 

2..f:Account for the differences in the percentage amounts of water retained 
by the different combinations of sand and muck. 

3. Do the percentage amounts of water retained by the different combi- 
nations bear any relation to the amounts of muck or sand in the combi- 
nations? 

Experiment VII. 

Water-holding Power of Soils as Affected by Amount of Clay Present. 

1. Repeat Experiment V, using com.binations of sand and cla}'' as follows: 
a) 100% of sand, (2) 80% of sand and 20% of clay, (3) 60% of sand 
and 40% of clay, and (4) 40% of sand and 60% clay. 
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2. Account for the diETerenceFi in the percentage L^mountB of water retained 
by the different -combinations. 

3. Do the percentage amounts of water retained by the different combina- 
tions of sand and clay bear any relation to the amounts of ctfty or sand 
in the combinations? 

E.KPEBIMENT VIIT. 

Water in Soils under Natural ConditionB. 
Apparatus needed: 
A sharp spade. 

3 one-quart bean or pudding pans. 
3 eight-inch pie tins to be used a.s covers for the pans. 
The pans and pie tins ulsould bo permanently numbered. 




The experiment: 

1. At a point in a field or garden where the moisture conditions seem good 
for growing a crop, dig with tl^e sjiade to the depth of the soil — five inches 
to eight inches. On one side of the hole have the wall perpendic lar, 
and remove all loose soil from the bottom of the hole. 
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2. With the spade cut off, from top to bottoui, about one inch of the face 
of the perpendicular wall, allowing the soil to fall to the bottom of the 
hole. 

3. As quickly as possible^ thoroughly mix the soil «o cut from the wall; 
fill one of the pans two-thirds full with the mixed soil and cover with a 
pie tin. 

4. Move off a phort distance, dig another hole and take another sample 
in the same manner, placing the sample in another pan. 

5. Move to a third place and take a third sample, placing it in another 
pan. 

6. On arriving at the laboratory weigh each pan with its contents, record- 
ing the number and weight in each case. 

7. The pans with their contents should now be subjected to a tempera- 
ture of 212° to 225°F. until the pans cease to lose weight. This will re- 
quire from 8 hours to 16 hours, depending upon the soil. See Fig. 9. 

8. When dry, weigh each pan with its contents and record. 

9. Remove the dry soil from each pan, weigh the pan and record. 

10. DeteiTiiine the per cent of moisture in each soil. 
Use a form like the following: 

Natural Water Content of Soils. 



Sample 
of • 
soil. 


No. 

of 

pan. 


Weight 

of 

pan. 


Weight 

of pan 

and wet 

content. 


Weight 

of pan 

and dry 

content. 


1 

• 1 Weight 
Moisture ! of % of 
lost. dry 1 moisture, 
soil. 

1 


1 
1 


1 1 

! i 
1 . 




1 i 

! ; i 
2 




1 1 i 1 " 

3 : ! i ! 






. 


; 


1 


1 


. 



The per cent of moisture in soil is found by dividing tlio weight of moisture 
lost b)'' the weight of dry soil. 

EXPEKTMENT IX. 



Water iia Soil When Plants Cease to Grow. 
Ai — Under Natural Conditions. 



Apparatus needed: 

Same as those required in Experiment VIII. 

The experiment: 

1. WTiere it is possible, select an area where plants are suffering from 
drought, that is.^w^here a drought has continued till field plants have 
begun to^'turn yellow or to wilt badly, and determine the moisture 
content of the soil, proceeding in everv particular as in experiment 
VIIT. 

Use a table Uke that in Experiment VIII. 
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Alternate. B — Under Artificial Conditions. 

Where field conditions are not found as above, the work mnv !« done »mder 
artificial conditions. 

Apparaiits needed: 

1 deep gallon jar. 

2 one-quart pans with pie tins for covers. 
A few kernels of good seed com or oats. 

A gallon of field soil in good tilth and moisdire condition. 

The experiment: 

1 . Fill the jar to ivitliin a half-inch of the top with the soil, packing lightly. 
Be sure that the soil is in about the right condition of moisture for plow- 
ing or for being planted to se^d. 

2. At the time of filling the jar, t:ike two siiniples of (ho soils io pans nnd 
determine the moisture contained. 

3. Weigh the jar and soil content au'i record weight. 

4. Plant six kernels of oats or three kernels of corn I hree-fourtlis incli 
deep in the soil in the jar. After they have germinated, thin to four 
plant-s of oats or two plants of com. 

5. Until the oats are eight inches high or the com plants are twelve inches 
high, weigh the jar once each week and add water enough to bring the 
weight up to the original weight, recording the same in each case. 

6. When the crop has reachud the height indicated .ibove. allow the jar 
to stand until the plants show decided elTects of lack of moisture.. 

7. Weigh jar and contents an{i record ^veight. 

8. Remove the croj}, then remove the soi! from the jar, thoroughly mix, 
and sift a portion through a coarse sieve to remove roots. 

9. Take two samples of this sifted soil and determine raoislnre content, 
as in Experiment VIII. 

The preparation of the soil and the taking of samjilcs should 1m> douo 

without luidue loss of time. 
Use a (able something like this: 



1 Soil When Plants Cease t 



111 



i 5^ 
I 



li;: 



It would be worth ivhile to use two soils for experiment B — a rather heavy 
soil and a light soil. 
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Experiment X. 

Moisture in Air-dry Soil. 

Apparatus and materials needed: 

4 two-quart pans. 

4 soils — a sandy soil, a loamy soil, a clay soil, and a muck soil — all air- 
dry. It would be well to let all these lots of soil stand together in an 
open room for a few days before using in tliis experiment. 

If all these soils are not available use as many as ran l)e secure<l. 

The experiment: 

1. Carefully numl)er and weigh 4 pans and record their weights. 

2. Into three pans weigli 1000 grams of sandy soil, of loamy soil, and clay 
soil respectively, and into the fourtli j)an weigh 500 grants of the 
muck soil. 

3. Subject the pans and contents to a temperature of 212° to 225° F., or 
100° to 110° C. until they cease to lose weight. 

4. Weigh pans and dry contents and record weights. 
Use a table like the following: 

Moisture in Air-dry Soils. 



Kind 

of 

soil . 



No. 

of 

pan. 





.- . - - 






Weiglit 


Weight 


tVeight 


of pan 


of pan 


of 


and 


and 


pan. 


air-dry 


dry 




soil. 


soil. 



Moisture 
lost. 



Weight 

of dry 

soil. 



% of 
moisture. 



Order 

of 

moisture. 



Offer any good reasons that may occur to you for any difTcnMiccs that may 
have been found. 

Experiment XI. 

Moisture Losses from Cultivated and Uncultivated Soil Surfaces. 

(Read directions for Experiment XII before performing this one.) 

Apparatus and materials needed: 

6 deep one gallon jars: 

1 straight edge. 

1 lipped beaker. 

A gauge (see Fig. 10). 

A four-quart pan. 

A small scoop. 

A quart cup. 
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6 pieces three-eighths inch gljisw tiihiiig or li glass thistle tube funnels. 

{The glass tubes or the funnel stems sliould be one inch longer 

than the height of the jars.) 
H bushels of good field soil, preferably a sandy loam. (This soil should 

be screened to remove large [lebbles and coarse materials, and should 

be ill good moisture condition for plowing or cropping.) 
1 gallon of very coarse sand. 

ICxjxrimenl : 

1 . Thoroughly mix the one and a half biishels of soil. Be sure the condition 
of moisture is right. Jf too diy :idd water during' the mixing. Shovel 
into a compact heap. 

2. Number the six jars 1 to C and place them in order near the heap of 
soil. • 

3. Place in the bottom of each jar one pint of the coarse sand, spreading 
evenly over the bottom. 

4. Place a piece of the glass tubing or a funnel in each jar, against the 
side of the jar, and with the lower end resting on the sand. A piece of 
light wire properly bent over the edge of the jar will hold the tubing or 
funnel in place during the filling. 

5. Add a struck-off cup of soil to jar number 1, then one to number 2, 
and so on till each jar has received one quart of soil. Spread out the 
soil in each jar and pack firmly with the hand or with the bottom of the 
cup, being careful to treat the soil in the six jars uniformly, ; , _' _ 
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G. Repeat the addition and packing of soil described in 5 until each jar is 
rounding full, 

7. When the jars have been thus filled, strike off each surface even with 
the rim of the jar, using a stratght-edge. 

8. Set jars number 1 and number 6 to one side. 

9. Set the gauge so that the blade shall extend one inch below the edge 
of wood frame and witii gauge and scoop remove the soil from the sur- 
face of number 2 and number 5 to the depth of one inch, placing the 
soil in the pan. Thoroughly crumble with the hands the soil thus re- 
moved and return to the jars. This will fill the jars rounding full 
again. Tap lightly. Then witli straight-edge strike off each surface 
even with rim of jar. Carefully set jara 2 and 5 aside. 

10. Set the gauge so that the blade shall extend two inches below edge of 
wooden frame, and with gauge and scoop remove the soil from surface 
of jars number 3 and number 4 to the depth of two inches, placing the 
soil in the pan. Thoroughly mix and return to jars, tap jars and strike 
off as in 9. 



Note — Observe l) 



cured In ji 



'e\y. In the Jars, h 



10 field liy cuUivM- 



11. Add i pound of water to each jar through the tube or funnel. 

12. Weigh and record weight of each jar in order. (See Fig. 11.) 




13. Place the six jars in order in some place sufficiently sheltefed to pro- 
tect from rains and birds. 

14. At the end of one week weigh each jar, record weight and add water 
through the tube or funnel sufficient to bring the jar and contents up 
to the original weight. 

Note— To bring up to weight leave (he jar on scale ani 



r tlirough lube or tunnel very 



Repeat 14 at the end of the 2nd, 3rd, 4th, and 5th weeks. 
Determine the total loss by evaporation from each jar. 
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17. Compare the individual losses. 

18. Average the losses of duplicates — 1 and 6, 2 and 5, and 3 and 4, and 
compare the averages. 

19. Using the averages obtained in 18, determine the losses per day per 
acre, with no cultivation, one inch of cultivation, and two inches of cul- 
tivation. 











Table of Hoisture Losses from Cultivated Soils. 
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20. Account for differences in average losses. 
What does the experiment teach? 

Experiment XII. 

Effect of Dry-earth Mulches upon Moisture Losses. 
Apparatus and materials needed: 

6 deep one-gallon jars. 

1 straight-edge. 

1 gauge. 

1 small scoop. 

1 lipped beaker or cyliiidcr (S ok. or 250 c. c) 

1 four-quart pan. 

1 quart cup. 

6 pieces |-incli tubing of thistle-tube furuiels as described in Exijeri- 
ment XI. 

li bushels of good field soil, preferably a sandy loam, as described in Ex- 
periment XL 

1 gallon of the same soil thoroughly air-dryed. 

1 gallon very coarse sand. 

The experiment: 

1. Fill the six jars with soil, carefully following directions 1 to 8 in Ex- 
periment XI. 

2. With scoop and gauge carefully remove the surface soil from jars 2 
and 5 to the depth of one inch. Do not return soil. 

3. With scoop and gauge carefully remove the surface soil from jars 3 
and 4 to the depth of two inches. Do not return soil. 

4. Introduce into jars 2, 5, 3, and 4 to rounding full the air-dry soil, tap 
lightly, and with straight-edge strike off surfaces eve."(vwi*Av6sa.>A.\'(i:^^- 
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5. Add eight ounces of water to each of the six jars through tube or funnel. 

6. Weigh each jar and record weight. 

7. At the end of each week, for five weeks, weigh each jar, record weight, 
and add slowly sufficient water to bring weight up'to the original weight 
as in Experiment XI. 

8. Determine the total loss for each pan. 

9. Compare losses. 

10. Average the losses of the duplicate jars, 1 and 6, 2 and 5, and 3 and 4, 
and compare. 

11. Estimate the losses per day per acre, using averages only. 
Use a table similar to that in Experiment XI. 

Suggest any practical application of the knowledge gained from this ex- 
periment. * 

It would be well to perform this experiment in connection with Experiment 
XI, in which case jars 1 and 6 of this experiment could be omitted. With 
slight changes, too, one table could be made to hold all data. 

Experiment XIII. 

The Effect of Water in the Puddling or Baking of Soils. 

Apparatus and materials needed: 

4 coffee cups, or 4 3-inch evaporating dishes. 

4 one-pint lots of the following soils, well moistened — a sandy soil, a 
• loam, a clay soil, and a muck soil. 

The experiment: 

1. Weigh out 30 grams each of the sandy soil, the loam and the clay soil 
and 15 grams of the muck soil, placing each weighed lot in a separate 
cup or dish. 

2. Introduce into each cup or dish sufficient water to slightly more than 
completely cover the soil in it. 

3. Place the cup or dishes with their contents in a warm dry place and 
allow to stand until all the water has evaporated and the remaining 
soil appears to be thoroughly dry. 

4. After this drying is complete examine these soils and note any differ- 
ences in the compactness of the masses. 

5. Account for these differences. 

Perhaps you may be able to measure in ar quantitative way the firmness 
of these dry masses of soil. 

Have you ever observed as complete compacting of the surface soil in a 
corn field? 

Can you explain how a young corn plant may reach the surface of a soil 
in such condition? 

Suggest some means of preventing the puddling of soils. 

Experiment XIV. 
Effect of Organic Matter in Soil upon the Degree of Puddling or Baking. 

Apparatus and material needed: 

5 coffee cups or 5 3-inch evaporating dishes. 

2 one-quart lots of air-dry soil, one of clay and one of muck, 
J dOO c. c. beaker or graduate. 
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The experimerU: 

1. Into the five cups or the five dishes introduce soil as follows: 

1st — ^24 grams of clay. 

2pd — 18 grams of clay and 6 grams of muck. 
3rd — 12 grams of clay and 12 grams of muck. 
4th — 6 grams of clay and 18 grams of muck. 
6th — ^24 grams of muck. 
What are the percentage amounts in each case? 

2. Mix the contents of cups or dishes 2, 3, and 4 thoroughly. 

3. Add slowly to each cup or dish sufficient water to cover the soil one- 
fourth inch. 

4. Place cups or dishes and contents in a warm dry place, and allow to 
- stand until thoroughly dry. 

5. Note differences in compactness of the dried masses of soil, and so far 
as 'you can, account for the differences. 

6. If you can, measure the differences. 

7. Do the results of this experiment suggest any method of farm practice? 

Experiment XV. 

Effect of Sandy Material in Soil upoH the Degree of Puddling. 

Apparatus and materials needed: 

Same as in last experiment except that quart lots of air-dry clay and sand 
are- to be used. 

The experiment: 

1. Into the five cups or the five dislies introduce soil as follows: 

1st — 24 grams of clay. 

2nd — 18 grams of clay and 6 grams of sand. 

3rd — 12 grams of clay and 12 grams of sand. 

4th — 6 grams of clay and IS grams of sand. 

5th — ^24 grams of sand. 
From this point proceed as in experiment XIV. 



SOIL TEMPKRATURP]. 

For this work it is desirable, though not absolutely necessary, to have a 
set of all-glass soil thermometers, one three-inch, one six-inch, and one 
twelve-inch. (These can be purchased of Henry Green & Co., Brooklyn, 
N. Y.) Whether this set can be afforded or not, there should be provided 
one dozen accurately graduated all-glass thermometers. For this work 
Fahrenheit thermometers will probably prove best, and they should be suffi- 
ciently long in the lower stem, if possible, to give a length of three inches 
between the middle of the bulb and the 40° mark. 

With such a set of soil thermometei^ as that indicated above, the tem- 
perature of the soil may be observed at depths of 3 inches, 6 inches and 12 
Inches respectively. With the ordinary thermometers the temperature 
may be observed at the surface and ordinarily not more than three inches 
below the surface. 
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To insert the bulb of an all-glass thermometer below the surface of the 
ground a hole must first be made with an iron or steel rod. If the surface 
is dry or loose it may be necessary to set a casing of paper or wood about the 
top of the hole to prevent the loose soil from falling into the hole to interfere 
with the inserting and removing of the thermometer. The hole should be 
so made that the center of the thermometer bulb shall stand at the depth at 
which the temperature is to be observed. After placing the thermometer 
in the soil it should be allowed to stand from 3 minutes to 5 minutes before 
reading in order that the mercury may come to rest. 

Experiment XVI. 

A Study of the Variations in Temperature of Natural Field or Garden Soils 
During the Day at Depths of o, 3, 6 and 12 inches respectively. 

Apparatus needed: 

1 carefully -graduated ordinary thermometer. 
3 soil thermometers, 3-inch, 6-inch and 12-inch. 

(See Exp. XVII as alternative.) 

1 steel rod for making holes for soil thermometers. 

The experiment: 

1. Select some convenient uncropped area in a field or garden. 

2. With the iron rod make three holes of proper depth respectively to 
receive the three soil thermometers, casing the tops with paper or 
wooden tubes. 

(These holes should be about four inches apart in an east and west line.) 

3. Place the soil thermometers each in its proper hole, and the ordinary 
thermometer so that its bulb shall lie fiat upon the surface of the 
ground three inches south of the middle soil thermometer. 

4. After five minutes quickly read all the thermometers and record the 
readings. 

5. At intervals of two hours during the day repeat 3 and 4, taking the 
first reading as early as sunrise if possible, and the last just before sun- 
set. 

Use a table something like the following for recording data: 



Depth . 



Soil Temperature. 



Thermometers reading at 



5 
a. m. 



in.. 
3 in.. 
6 in. . 
12 in. 



7 
a. m. 



9 
a. m. 



I 



11 

a. m. 



1 
p. m. 



3 

p. m. 



5 



Time of 
highest 
reading, i 



Average 
reading. 



p. m. p. m. 
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6. Record any conclusions the data obtained may in your opinion war- 
rant. 

It would be well to repeat this experiment upon a number of days to note 
the progression of change, and the effect of clouds, rain, variation of air 
temperature, etc., upon soil temperatures. 

Experiment XVII. 

(To be performed in place of the previous experiment if the laboratory does 
not possess soil thermometers.) 

Apparatus needed: 

2 carefully graduated ordinary all-glass thermometers. 
1 iron rod for making holes for the thermometer. 

The experiment: 

1. Select some convenient uncropped area in a field or garden. 

2. With the iron rod make a hole in the soil deep enough to allow the 
thermometer to be inserted three inches into the soil, provided that at 
that depth the 50° mark on the stem stands above the surface of the soil. 
Otherwise make the hole deep enough to receive the thermometer so 
that the 50° mark on the stem shall stand just above the surface of the 
soil. Insert the thermometer. 

3. Place the other thermometer so that its bulb shall lie flat on the surface 
of the ground three inches south of the other thermometer. 

4. After the thermometers have been in place 5 minutes read them and 
record the readings. 

5. Repeat 4 at intervals of two hours during the day, as directed in Ex- 
periment XVI. 

Use a table similar to that used in Experiment XVI for recording data. 

Mention any interesting points which in your opinion the experiment has 
shown. , 

It would be well to repeat this experiment upon a number of days to note 
the progressive changes, the effects of clouds, rains, etc., upon soil temperature. 

Experiment XVIII. 

The Effect of Slope upon the Temperature of the Soil. 

Apparatus needed: 

The same as in Experiment XVI if soil thermometers are available; other- 
wise the same as in Experiment XVII. 

The experiment: 

1 . Select two convenient areas, one on a south slope and one on a north 
slope. Be sure the two areas are alike or nearly so in texture and color 
of soil. 

2. Using one of the methods described above (Experiments XVI and 
XVII) take and record one set of temperature readings on the south 
slope. 

3. Move the apparatus to the area on the north slope, take and record a 
set of temperature readings as on the south slope. 

Plan to set the thermometers so t\vat Wv^ t^^^\\\%^ otv^Oc^^^^x'^^'^'^^^^^^^ 
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be taken just 10 minutes after the readings were taken on the south 
slope. 

4. Leave the thermometers in place on the north slope and just 10 minutes 
after the first readings on the north slope were taken, take and record 
another set of readings. 

5. Remove apparatus to the south slope and take and record a set of 
readings, taking the readings just 10 minutes after the second set of 
readings on the north slope were taken. 

6. Average the two sets of readings taken on the south slope, i. e., average 
the two surface readings, then average the 3-inch readings, and so on. 

7. Average the two sets of readings taken on the north slope. 
Use a table like the following: 

The Effect of Slope upon the Temperature of the Soil. 







South Slop 


e. 

Average. 




North Slope. 


Depth of 

thermoineter 

bulb. 


Time. 


Time. 






:00 


:30 


:10 


:20 


Average. 


in 














3 in 












6 in 














12 in 

























8. Record any conclusions that in your opinion the data obtained war- 
rant. 

9. Why time the readings as indicated? 



Experiment XIX. 

The Effect of Color upon the Temperature of Soil (with air-dry soils and 

laboratory conditions). 

Apparatus and materials needed: 

8 one-quart pudding or bean pans. 

Three pint-lots of the following kinds of soil; light colored loam, dark 

loam, light colored sandy, all air-dry and sifted. 
2 quarts of clay soil, air-dry and sifted. 
5 quarts of muck soil, air-dry and sifted. 

One-half pint pulverized chalk, slaked lime or plaster of Paris. 
1 carefully graduated all-glass thermometer reading to degrees, or better, 

to half degrees. 
7 feet of No. 12 galvanized iron wire, and a perforated No. 14 cork to 

make a frame to hold the thermometer. 
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The exp^iment: 

1. a. Fill one pan with llie clay suil. 

b. Fill one pan with the light colored loaiti. 

c. Fill one pan with the dark colored loam. 

d. Fill one pan with the light sandy Koil. 

e. Fill one pan with the muck soil. 

f. Fill one pan with the clay, leaving room for just enough luuck to com- 
pletely cover the surface of the clay. 

g. Fill one pan with the muck soil, leaving room for just enough of the 
fine clay to completely cover the surface. 

h. Fill one pan with the muck soil, leaving just room enough to com- 
pletely cover the surface with plaster of Paris, powdered chalk or 
slaked time. 




Fig. 12. Showing II 
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2. Set all of these pans with their contents out in the sunshine, (It will 
be better if the pans can be set down into the ground so that their rims 
stand just even with the surface of the ground. The rims of the 
pans should be but a few inches apart.) 

3. At any time between 11 a. m. and 2 p. m. take the temperature of 
these soils one inch below the surface and record. 



t will not be neces. 








soils. Carefully 


lb of the thermome 


er to the proper depth. An 


open ftsme 


or gauge li 


e that shown in 


prove helpful. 











4. In order that the results may be more reliable it will be better to take 
the thermometer reading just 5 minutes apart, taking two readings 
from each pan. Take the readings in the following order: 1, 2, 3, 4, 
5, 6, 7, 8, 8, 7, 6, 5, 4, 3, 2, I. 

Place your readings in a table like this-. 
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5, Average the first and second readings of each pan, placing the average 
in the proper place and indicate order of temperatures, from highest to 
lowest, 

0. Place all of the pans under cover and away from the sunshine, and 
after twenty-four hours, with the pans still in the shade, take the tem- 
peratures as in 4, introducing the reatlings into a table Hke the one used 
for the readings of the previous day. 

7, Complete the table as in 5. 

8. Record any conclusions suggested by this experiment. 

Experiment XX. 

Effect of Color upon Soil Temperature (with moist soils and field conditions) . 

Apparatus and materials needed: 
A spade. 

22 linear feet of ^-in. x 6-in. boards. 
8 carefully graduated all-glass thermomcterM. 
1 iron rod to make holes for the thermometers. 

i bu. each of the following soils: a clay, a light loam, a dark loam, a 
sandy, and a muck. 

The experiment: 

1. From a level area 2 ft. x 4 ft. remove the soil to the uniform depth 
of 7 inches. 

2. Cover the bottom of the excavation so formed to the depth of one inch, 
when well packed, with coarse sand. 

3. With the |-jn. x 6-in. boards divide this area into squares of about 
one foot on each side and six inches deep. 

4. Fill these squares as follows: 

a. With a clay soil, finely crumbled. 

b. With a light colored loam, finely crumbled. 

c. With a dark colored loam, finely crumbled. 

d. With a fine sandy soil, finely crumbled. 

e. With a muck soil', finely crumbled. 

f. With a clay soil, finely crumbled, leaving room for just enough muck 
soil to completely cover the surface of the clay. 
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g. With finely crumbled muck soil, leaving room for just enough of 

the finely crumbled clay soil to completely cover the surface of the 

muck. 
h. With finely crumbled muck soil, leaving room for just enough plaster 

of Paris, ground chalk or slaked lime to completely cover the surface 

of the muck. 
6. With a garden sprinkler and water thoroughly wet down the soils in 
all of these divisions. A good rain would do the work better. 

6. Allow to stand twenty-four hours. 

7. On the first sunshiny day set one of the eight thermometers to the 
: depth of two inches in the center of each of the eight areas, using the 

iron rod if necessary to make holes for the bulbs of the thermometers. 
Make and record readings at 10 a. m., 12 m., and 2 p. m. 

8. On the first cloudy day set the thermometers as indicated in 7 and 
make and record readings at 10 a. m., 12 m., and 2 p. m. 

Use a table like this: 



Effect of Color on Soil Temperature. 



• 




Sunshiny day. 


Order. 


Cloudy day. 




10 
a. m. 


12 
m. 


2 
p. m. 


Av. 


10 
a. m. 


12 
m. 


2 
p. m. 


Av. 
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Do the results suggest any methods for practice on the farm? 

Experiment XXI. 

The Effect of Moisture upon the Temperature of the Soil. 

Apparatus and materials needed: 

2 one-quart pudding or bean pans. 

3 quarts finely crumbled, air-dry, sandy soil. 
1 carefully graduated all-glass thermometer. 

Th£ experiment: 

1. Fill the two' pans with the soil in the manner described in Experiment 
XIX. 

2. Thoroughly moisten the soil in one of the pans and allow both pans of 
soil to stand together in the laboratory, but away from the sunaMae^ 
for a few hours. 
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3. Determine and record the temperature of the soil in the two pans. 

4. Now place the pans in the sunshine, and after two hours determine 
and record temperature. 

Use a table like the following: 

Soil Temperatures as Influenced by Light and Moisture. 



In 
shade. 



Dry soil. 
Wet soil. 



DifTerence. 



In 
sunshine. 



5. How wet should a field soil be? 

Why so wet? 

Why not wetter? 
It might be well to repeat this experiment, using other soils. 

Experiment XXII. 

Effect of Tilth upon the Temperature of the Soil. 

Apparatus needed: 

A spade. 

2 all-glass thermometei*s, accurately graduated. 

An iron rod to make holes for the thermometers. 

The experiment: 

1. Select a bare level field or garden area 1 foot by 2 feet— one that has 
not recently been plowed or spaded. 

2. Thoroughly spade one-half of this area to the depth of six inches. If 
the soil does not crumble freely, it should be removed, placed in a pile, 
and thoroughly crumbled with the hands if necessary, and then returned 
to its place. 

Leave the other half unspaded. 

3. With the iron rod make a hole in the center of each half of the area, 
sufficiently deep to receive its thermometer to the depth of two inches. 

4. At one o'clock on the first clear day place the thermometers one in each 
of these holes and after 5 minutes read and record temperatures. 

5. At one o'clock on the first cloudy day place the thermometers one in 
each hole and after 5 minutes read and record the temperatures. 

Use a table like this: 
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Soil Temperatures as Influenced by Light and Cultivation. 



Cloudy 
weather. 



Sunshiny 
weather. 



Uncultivated. 
Cultivated . . . 



Difference. 



It may be desirable to make several readings at the hours indicated. 
It might be interesting also to make readings at other hours. 

6. If you discover differences in temperatures account for them. 

7. Do the results suggest any methods of farm practice? 



Experiment XXIII. 

Effect of Smoothness of Surface upon Soil Temperature. 

Apparatus needed: 

A spade. 

A garden rake. 

2 carefully graduated all-glass thermometers. 

An iron rod to make holes for the thermometers. 

The experiment: 

1. Select a level field or garden area two feet by four feet, one that has not 
recently been plowed or spaded. 

2. Spade the whole area to a depth of six inches. 

3. With the rake level off one-half (2 ft. x 2 ft.) of the spaded area, and 
with the spade pat down the surface even and smooth so as to resemble 
the rolled surface of a field. 

4. The remaining area should not be smoothed. The more rough and 
lumpy it can be left the better. 

5. On the first sunshiny day carefully set the thermometers, one in the 
center of each of these areas, to the depth of two inches below the sur- 
face of the ground, and make and record readings at 8 a. m., 10 a. m., 
12 m., 2 p. m., and 4 p. m. 

Be careful on the rough area not to measure down from the top of the 
lumps, but from the top of the ground. 

6. On i/he first cloudy day set the thermometers as above and make and 
record readings. 

Use a table like this: 



